Traveller information provision has become a key Government priority in the UK following the publication of its Transport White Paper in July 1998.
Introduction
Figure 1 highlights an all too familiar trend in the UK and other developed countries. The car has presented society with a highly flexible, reliable, convenient, comfortable and cheap form of transport providing enhanced mobility and accessibility to millions of people. As dependence on the car has grown, the collective (relative) dependence on public transport has declined. With falling levels of patronage on bus services and the national press and public critical of service reliability of the privatised passenger rail industry, society has acquired an unfavourable view of public transport as depicted by table 1.
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Insert table 1 about here UK transport policy had, until recently, adopted a 'predict and provide' approach to address burgeoning levels of car-based travel demand. Predicted future levels of traffic were determined and then additional highway capacity was provided to accommodate it. In the late 1990s a profound U-turn in policy took place. The SACTRA report (1994) brought about recognition and acceptance that building new roads could generate (some) new traffic. In addition to the huge cost implications of new road construction it was realised that additional capacity could only provide a temporary reprieve from growing levels of congestion and increasingly long and unreliable journey times on the highway network. The Conservative Government launched a national transport debate and towards the end of its term of office produced a Transport Green Paper (DOT 1996) . The current Labour Government progressed this. Further consultation culminated in publication of the first Transport White Paper in the UK for some 20 years setting out a new agenda for transport policy (DETR 1998a) .
The White Paper introduced a much greater emphasis on managing the demand for (car-based) travel rather than only attempting to accommodate and manage the traffic on the highway network. Central to the aims of the White Paper is the need to reduce society's dependence on the motor car. New initiatives are concerned with making alternative modes of travel to the car more attractive and viable and with reducing the need to travel. A renaissance in public transport is being encouraged. Motorists are likely to become subject increasingly to the persuasion of economic instruments and commuter and business traffic has become the target of green transport plans. The White Paper makes over 100 references to information. Information can improve public transport journeys by making it easier for travellers to plan and execute trips. Information can inform travellers of the alternatives for making a trip.
The latter is particularly important as public transport services begin to improve.
Many car drivers are unaware of public transport alternatives or are ill-informed about the merits of such alternatives. Better provision of information to travellers can, if viable alternatives to the car exist, promote a more sustainable distribution of trips across modes. The key theme of the White Paper is integration. Integration has a number of aspects but one in particular is the 'integration within and between different types of transport -so that each contributes its full potential and people can move easily between them' (DETR 1998a). Provision of traveller information supports this.
There is considerable emphasis in the UK on developing (better) public transport information systems. There is also a need to consider driver information systems and ultimately to address the prospect of integrating information across modes. This would potentially provide a convenient means for travellers to make (more) fully informed decisions based on comparative information across modes.
The Highways Agency (HA) in the UK was established in 1994 and is an executive agency of the Department of Environment, Transport and the Regions (DETR). The HA's aim is to contribute to sustainable development by maintaining, operating and improving the UK's strategic road network in support of the Government's integrated transport and land use planning. As a consequence of the transition in UK transport policy the HA has seen its role transform from one of network builder to network operator. At the end of the 1990s it became very proactive in responding to this new role and established a major stream of investment into shortterm and longer-term research. The latter is being addressed by its Outward Facing Research Programme. One element of the Programme concerns integration and specifically the integration of information systems across modes. Research has recently been commissioned to investigate this area. This paper stems from the preliminary investigation of research needs (the 'desk study'). The author also provides an assessment of the potential progression towards integrated traveller information systems. The paper considers the role that information can play in informing and influencing choice. It outlines the issues that must be addressed not simply to technically provide integrated information but to determine whether and how such systems can perform effectively and deliver positive benefits. Figure 2 offers one perspective on future developments.
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Making informed choices
What Choices?
The travel choices faced by individuals are many. There is perhaps an inclination to focus attention on short-term decisions associated with individual trips.
The first short-term choice is whether or not a trip is needed. A trip is made to participate in an activity and the trip itself is a means to an end and something individuals would, out of preference, avoid (or at least this is the assumption in choice theory). Individuals may be able to participate in activities without making trips or by making fewer trips. Teleservices such as teleshopping and teleworking do not require a physical trip. More efficient scheduling of activities could reduce the number of trips.
If the decision has been made to make a trip, the remaining choices concern when and how the transport system is used. Some of these choices will be subject to constraints. For example, the times, dates and venues of the activities might be fixed.
The mode of travel options might be constrained if the person does not own a car. The collective short-term choices that are made determine how well the spatial and temporal capacities of the available transport networks and services are used.
Although individuals face all of these short terms choices for each trip considered, they may not review all the choices each time they make a trip. For example, it is unlikely that many people review the service or route for their commute trip every day or even every month. Further still, how many people review the mode choices for every trip, particularly a trip that has been made before?
Long-term choices could have a much more profound influence on society's travel patterns than short-term choices. Human beings are creatures of habit and happily settle into routine patterns of behaviour, including those for travel. The merits of alternative choice options for a particular trip may change but individuals may only assess these options on one occasion and then for all subsequent occasions assume their previous decisions remain valid.
The relative merits of short-term choices can be influenced by long-term choices. When an individual reviews his or her commute trip options, for example, he or she may be faced with a choice between an initial outlay on buying a new car or on purchasing a public transport season ticket or saver card. Deciding where to live and work determines trip lengths and the availability of viable travel options, particularly concerning mode of travel.
How Are Choices Made?
In making a trip, an individual incurs a number of elements of 'cost' such as monetary cost, travel time, (dis)comfort, (in)convenience and (un)reliability.
Collectively these are referred to as generalised travel cost (Ortúzar and Willumsen 1994, IHT 1997) . Monetary cost and travel time are tangible and measurable and often assumed to be primary costs. Each individual will perceive and weigh cost elements differently depending on the characteristics of the individual and the circumstances in which the trip or trips is/are being made. Theory assumes that an individual will seek to minimise cost when considering alternative travel options. Figure 3 shows the response of users of an Internet-based traveller information service when asked to rank the five elements of cost mentioned above. The sample may or may not be representative of the population as a whole but the response highlights that convenience, reliability and comfort are important determinants of cost. In this example over 60% of respondents rated convenience, reliability or comfort more highly than cost or time.
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While time and cost can be readily quantified, convenience, reliability and comfort cannot. During focus group sessions conducted with travellers (Board et al. 1999 ) it was suggested that statistical information concerning reliability could be included when traveller information is provided. For example 'the train is scheduled to depart at 12.05pm and has been within two minutes of this time for 98% of service The array of choices and factors that are used to judge the relative merits of alternatives paints a complex picture to address in terms of influencing travel patterns.
With regard to mode choice, if public transport can surpass the car in all cost elements then people may leave their cars. The unfortunate reality (or perceived reality) in many cases is the reverse which is frequently reinforced by the longer term choices mentioned earlier.
How Can Choices Be Influenced?
Changing the relative costs of the alternatives available should influence choice. The Transport White Paper is very much concerned with reducing the cost of public transport with improved travel times using bus priority measures, increased reliability and improved convenience with a series of initiatives to make public transport journeys more seamless. Concurrent with steps to improve public transport is the use of economic instruments that seek to increase the cost of car travel with ongoing fuel cost increases and parking charges.
Since perceptions of cost almost certainly favour the car at present, at the very least the actual cost of public transport must change to be no more than that by car.
Monetary cost remains a problem in this regard with the fixed costs of motoring 8 forcing a perceived low per-trip variable cost when compared to the public transport alternatives where the full cost is paid at point of use. If an individual has a company car then the situation is even worse. Public transport cannot compete on a level playing field because the fixed costs and potentially the running costs of the car are not met by the individual.
Beyond the reality of actual cost is the matter of perceived cost. If there is a mismatch between perceived and actual cost then sub-optimal choices may be made by individuals. In some cases this will result in the use of the car when public transport would have been 'cheaper'.
Perceptions of cost can be influenced by past experience. Reliability is something which is, in particular, assessed based on previous occasions when a particular trip was made or when a particular mode was used. It is difficult to gauge reliability without past experience. The route taken on a commute trip is based on or reinforced by past experience. If an individual makes a trip on one or two occasions and judges from this the best way to make that trip again in future, he or she may be unlikely to review certain choices for this trip again -even if the actual costs of the alternatives are changed over time.
Bad experiences are recalled more readily than satisfactory or good experiences and hence bad experiences can more readily shape perceptions. Indeed experiences are prone to become coloured by time. In a report on house-buying it was noted that:
' Bad experiences with buying and selling a property are often good "dinner table gossip". There might be a tendency to exaggerate events, especially if others have had a similar experience.' (DETR 1999b) .
Past experiences of other people can strongly influence choices and can propagate very quickly through informal community information networks. In some cases past-experiences of others may be well-informed however in other cases such experience will not constitute reliable, fully-informed information and could serve to (further) distort perceptions of cost.
To more effectively influence choices the individual needs to be presented with reliable, comprehensive information concerning the alternatives upon which to base a decision. This signals a cue for traveller information systems which should in principle offer accurate and unbiased information relating to the alternative choices available. By presenting comparable information across modes traveller information systems have the potential to ensure that travellers make well informed choices with the implicit hope in particular that in so doing drivers will, in some instances, elect to use an alternative mode.
Information cannot change the 'disutility' (generalised cost) of a particular mode for a particular journey. It can only change the perception of disutility. There will be many occasions when the provision of integrated information would simply serve to highlight the disparity between a trip by private transport as opposed to public transport and reinforce a decision to travel by car. However, as the White Paper policies emerge and take effect, relative actual costs of alternatives should change and it will then be important that travellers can have facilities to easily review their choices to take account of such change.
Traveller information systems
Information is an integral part of a transport service and as such it contributes to the overall quality of the service. Road signing assures drivers at regular intervals of the direction in which they are heading and how far they have to go to reach key points along their journey and their destination. Passenger information can make a multi-stage public transport journey appear more seamless by making it easier for the traveller to execute the journey. By offering reassurance and making it easier to travel, information may encourage more use of a service. Real-time information can help in accommodating the unreliability of a transport service by providing the traveller enroute with the option to revise choices to make best use of the service or available alternative(s).
Journey planners enable travellers to determine how to reach their destination and to obtain an itinerary for how to complete the selected journey (see figure 4). For unfamiliar trips this is particularly important.
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Perhaps the greatest expectation is that traveller information can inform and influence choice. It can redress misconceptions of cost and might also alert the recipient to travel options that had hitherto not been considered.
Traveller information is not a new concept. Paper timetables and road maps have been in use for many years but today attention tends to focus on Advanced Traveller Information Systems (ATIS) -systems which are sophisticated and which capitalise and depend upon the latest technologies to deliver information. The interpretation of the term 'advanced' should be treated with care. 'Advanced' in its true sense should mean a system that fully serves its purpose -i.e. to effectively inform the traveller.
Ultimately for an information system to be effective it must be able to address user needs. It must present information in a form that is both comprehensive and comprehendable. The information must be appropriate. User requirements will vary according to the characteristics of different users and will be influenced by the types of journeys being made (Gillam et al. 1999) .
Access to information
There are now a number of mechanisms to deliver and receive information. 
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As the number of people with access to the Internet has grown, so too has the number of Web sites providing traveller information. There are currently some 400 sites in the UK that provide public transport information ranging from basic contact details for local bus operators through regional or mode specific journey planning facilities to real-time bus and train information (Austin 1999) . Sites relating to driver information are also available offering such things as route planning facilities, information on incidents and journey times. 94% of UK households have a telephone. It is estimated that 41% of the population have mobile phones and the number of handsets now outnumbers the 23.8 million residential fixed lines installed nationwide (McIntosh, 2000) . The telephone now provides access to information irrespective of user location. Mobile communications technology is leading to an advance from 'mere' telephone handsets to more versatile communications devices or 'Personal Digital Assistants' with the ability to access the Internet (see figure 6 ) and capability of global positioning.
Insert figure 6 about here
It is evident that travellers have increasingly the means to access information both pre-trip and enroute, irrespective of their location. As accessibility to information increases the tendency to wish to seek information will become more habitual and hence demand for travel information is likely to increase. Through experience of obtaining timely and reliable travel information, future levels of use of such information will increase (Harris and Konheim 1995 (Polydoropoulou et al. 1994) . In the UK, use of the National Rail (telephone) Enquiry Service (NRES) has increased from 37 million calls in its first year of operation in 1997 to 60 million calls in 1999 (ATOC 1999) . Use of the Railtrack Web site (http://www.railtrack.co.uk/travel/) which provides timetable-based planning for national rail journeys has increased over the same period and now handles over 60 million journey planner enquiries per year.
In terms of information management and dissemination, inter-connectivity and interrogation between travel information databases (via the Internet) is likely to become commonplace with established protocols and procedures.
It is difficult to fully conceive the technological advances that will take place in the next 20 years or indeed the next 5 years. Such advances and the opportunities for information exchange they provide are extensive. It can be surmised that technological issues are unlikely, in themselves, to present impediments to the exchange of information whether in terms of the capabilities of, cost of or access to telecommunications technology. Information and communications technology now provides the opportunity to acquire, exchange and manage data from multiple sources thereby enabling the production of integrated traveller information systems covering more than one mode or geographical region.
The extent to which provision of integrated traveller information can be effective (in terms of bringing about more sustainable travel choices and/or assisting travellers) is likely to be determined by factors and issues associated with the quality of the information available (and by implication the underlying data) and the user requirements and behavioural responses.
Moving towards integrated multi-modal information
Aspirations and developments concerning the integration of information across modes and of the modes themselves is well documented. In the USA, the Advanced Public Transport Systems State-of-the-Art summary (Casey et al. 1998) acknowledges that many regional systems of information provision are becoming multi-modal, offering the travelling public an opportunity to make fully informed mode choice decisions about travelling in that locality.
In Europe, Kinnock (1996) emphasises the need for a Europe-wide 'Citizens' Network', the aim of which is to promote passenger transport services and information, including the effective integration of individual modes.
More specifically, in France in early 1998, a road information press agency was formalised in order that information collected from the public transport bodies can, in the future, be circulated as widely as possible to users of the road network around Paris (DurandRaucher 1998). 
Integrated information for public transport
Comprehensive integration of information systems across travel modes demands that individual modes' information systems are sufficiently developed. In The much greater diversity of operator involved in the provision of public transport services in the UK has resulted in uncertainty for users and, hence, is a contributory factor towards a shift from public transport to the private car (Anderson et al. 1997 ).
These separate companies have generally been unwilling to collaborate in the provision of comprehensive local timetable information (Slevin 1997) . The task of compiling and disseminating such information has usually fallen on the relevant local authority.
In its 1998 White Paper the UK Government committed itself to the establishment of a National Public Transport Information System (NPTIS) by 2000.
A similar service is already in use in the Netherlands, where public transport users can access the 'Public Transport Travel Planner', a national telephone enquiry service offering timetable, fare and other information, from a single telephone number (Van der Loop 1994).
Although a longer term aim of the NPTIS will be to include fares information, the initial aim is to provide timetable-based information. This will be made available in the first instance via a telephone enquiry service, although the Internet is explicitly acknowledged as an alternative delivery mechanism and one that is likely to assume a dominating role in the future (Thompson and Sheat 1998).
The NPTIS requires the integration of information across different public transport modes (bus, coach, tram, train, ferry and underground/metro) and regions of the UK. The Government has not commissioned the production of the NPTIS since many local authorities and public transport operating companies already have the necessary data as a basis to contribute to such a system and a significant stake in delivery. The Government has seen partnership between different local authorities and public transport operators as a key to delivering the NPTIS (Lyons 1999a ).
Partnership and co-operation are particularly important given the limitations of Set against this political background, public transport information systems are advancing rapidly with a number of journey planning facilities available via the telephone or over the Internet (a comprehensive list of public transport information Web sites can be found at www.pti.org.uk). As Web sites continue to emerge and coverage increases it is likely that a user will eventually be able to plan a door-to-door long distance public transport trip using information from a series of different Web sites.
However, for the user to do so 'manually' would be a time consuming and daunting task.
Key players in the industry recognised this issue even before the NPTIS was conceived and saw the need for integration of information. The JourneyWeb project was subsequently awarded Government and industry funding to develop a means by which information from a series of local distributed databases could be combined to address
Web-based enquiries covering more than one area, mode or operator (Fingerle et al. 1998) . It is likely that a federal system such as this will now be adopted by the industry as a means by which, through the co-operation and interaction between a series of locally held and managed databases, a NPTIS can be delivered via the Web. Indeed it is expected that such as system will be used as the basis to provide a supporting role to operators in telephone enquiry bureaux.
Highway network information
The HA is pursuing a traffic control centre(s) (TCC) project under the Private Finance Initiative. Once established, the aim of the TCC is to dynamically control traffic on the trunk road network through strategic network management and by providing real time information to users either directly or through third party valueadded service providers (VASPS). A survey of potential information suppliers in the Traffic information And Navigation for GOthenburg (TANGO) project indicated that there was widespread interest in being part of the information infrastructure (Biding and Moutel 1994) . Information will be made available via a computerised 'travel information highway' (TIH), from which all driver information service providers will be able to access relevant and reliable information to pass on to their customers (Hobbs et al. 1999) . It is envisaged that later developments of QMISS will include vehicle speeds and flows to be held in the database, which will be accessible via the Internet.
It is likely that such data will be stored and available for processing and analysis to aid in the long-term strategic policy decision making, much in the same way that local data collated by the ROMANSE Central Processor in the city of Southampton is used (Wren and Jones 1996).
Issues to be addressed
Traveller information is a topic that has received considerable attention from both the transport industry and research community. However it is only very recently that technological advances (in particular the Internet and other forms of networking)
have presented a real possibility of collecting and integrating information across modes and in turn making such information accessible to a large proportion of the travelling public. Uni-modal and multi-submodal information systems are growing in number and quality. The technological opportunities coupled with a political will to manage travel demand now lead to the need to consider what issues must be addressed to determine whether and how to progress towards the provision of integrated driver and public transport information systems. It is suggested that the following issues require attention.
Who are the stakeholders in the provision of integrated information (and what are their roles)?
The principal user of integrated information systems will be the traveller or 'end-user'. Call-centre operators and VASPS will almost certainly become intermediate users. There may also be benefits to public transport services that are affected by highway travel times (reliability) in having highway information to improve management and (real-time) passenger information for their services. It is important to understand the benefits to public transport service providers, as their support will be necessary when implementing a system of integrated information provision (as noted by Holmes et al. (1994) in relation to the development on an integrated public transport system in the city of Birmingham as part of the QUARTET project). The HA and the public transport service providers are both likely to experience changes in the use of their networks if integrated information is available.
It will be necessary to consider what commitments from these stakeholders are likely or should be expected.
Commitments will include a need for investment in capital and running costs, exchange of information in compatible formats and probably partnership agreements.
One such agreement was established prior to the launch of the White Paper. The HA and Railtrack (the owner and operator of the national rail infrastructure) signed a memorandum of understanding with an agreement to work together to implement plans to better integrate the strategic road network with the rail network (HA 1998).
The degree of commitment, particularly given the absence of legal obligation, will be influenced by perceived benefits to each stakeholder. Benefits relate to changes in the levels or distributions of travel demand. An understanding of end-user requirements from, and reactions to, integrated information provision will therefore be crucial.
There is a need to consult stakeholders. There are several examples in the UK of activities concerned with bringing together stakeholders to address the issues of (integrated) traveller information provision. The HA, in association with CIRIA, has been piloting a learning network. The 'Integrated Transport Operators Network' (ITON) aims to 'bring together diverse stakeholders to exchange and disseminate knowledge, to build relationships through discussion, to benchmark activities and to create a climate for action' (CIRIA 1999). At its third workshop, the issue of traveller information across modes was considered (Lyons 1999b) . A consortium of public and private organisations with a vested interest in traveller information has been coordinated by CEST with research support from the University of Southampton (Board et al. 1999 ).
What types of information are of specific relevance to an integrated information system?
Although certain aspects of information such as journey time will be a common expectation from either a public transport or highway information system, in other respects the potential information that is provided for each mode of travel may be very different. For example, while a timetable is an immediately obvious information option for public transport it would be inappropriate for private transport.
It is important to understand what information is required to plan and complete a journey by public transport (or other mode combinations to the private car) and the equivalent understanding is required for a journey by car. The next step is to investigate how these two sets of information requirements might interact in the context of assembling and presenting integrated information that enables comparison of travel factors across modes.
How should driver information be integrated with other modes' information systems?
This is not an issue concerning technological requirement but primarily one of defining user reactions. It is necessary to ensure, as stated earlier, that integration occurs in a form that is not only comprehensive but comprehendable for end-users thereby enabling them to make effective use of the information provided. The degree to which comparable information across modes needs to be integrated within information systems to be effective will vary amongst travellers. A traveller with limited ability or inclination to assemble and interpret relevant information is likely to require more integration of information than a traveller capable of and willing to visit a different information source for each mode (which may each present information in different ways) and assemble and compare information across modes. With currently available web sites, the latter is already a viable option in some cases (Lyons 1999a ).
The way in, and extent to which, information is integrated will also need to take account of the point at which information is required or accessed. Although mobile communications devices make en-route mode choice decisions a possibility, it is likely that in most cases the need for integrated information systems will exist at the pre-trip stage.
What is the current and future scale of access to and demand for (integrated) information?
Ongoing technological developments present increasingly sophisticated and flexible information delivery mechanisms. Current and forthcoming technological developments need to be identified, as well as determining when they will become available to the (mass) market. In turn, it is important to assess the demand for information that will prevail as access to information becomes increasingly affordable and more widespread.
What will the nature and scale of the resulting (dis)benefits of integrated information be (and how will these change over time)?
Traveller information is a potentially powerful means of travel demand management. The implicit assumption that the provision of integrated information is a positive thing for a given stakeholder should be questioned. It is also necessary to acquire reliable insights into how travellers and particularly drivers will respond in practise to the provision of integrated information.
Previous research investigating traveller information systems has used statedpreference techniques to assess travellers' reactions. (See for example, Bonsall et al. 1991 , Polak and Jones 1993 , Beaton and Sadana 1995 , Papaioannou et al. 1996 Such techniques can have significant shortcomings in terms of the validity of participants' responses to hypothetical situations with which they are presented. This problem would prevail if such techniques were used (solely) to investigate the new concept (from the users' perspective) of integrated information.
A suggested alternative approach to this issue is a study involving real-life intervention. Drivers' requirements from, and reactions to, integrated information in the context of actual trips being planned/executed could be investigated. 
Conclusions
Technology has brought about the permeation of an information culture into society. Hitherto the likelihood of information required by an individual being available, coupled with the individual having a means to conveniently and easily access that information, was comparatively small. The Internet in particular now offers a seemingly unbounded information resource on virtually any topic. There is a growing public realisation of this and in turn an increasing expectation and inclination 24 to find information including that related to travel. Technology is accelerating the opportunities to deliver traveller information to the public and the current political will (certainly in the UK) is to seize these opportunities. A highly desirable opportunity is that to develop integrated multi-modal information systems enabling convenient and direct comparison of travel cost factors across alternative modes.
There are clear expectations that multi-modal information can influence mode choice and more specifically a presumption by some that the (only) influence will be a change from travelling by car to public transport. 
